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Abstract
Background: Utilizing laparoscopy for major surgeries such as hepatectomy is a relatively new concept.
Initially, benign pathologies dominated indications for resection. Our experience in an Australian setting
with primarily malignant diagnoses is described.
Methods: A review of patients' profiles, pathology, surgery and outcome was performed on 35 patients
between December 2005 and August 2008. Data were collected and analysed retrospectively from
medical records on a pre-designed datasheet.
Results: Commonest indication for resection was colorectal metastasis (54%), 71% of all resections
were for malignancy. Average operating time was 2 h 31 min (range 30 min–7 h, 15 min). Major morbidity
consisted of one bile leak, two subphrenic abscesses and one pulmonary embolus. There were no deaths.
Conversion to open was required in 20% and two patients required intra-operative blood transfusions.
Average length of stay overall was 6.1 days (range 1–27), but as low as 2 days for some left lateral
sectionectomies. Cessation of parenteral analgesia, return to normal diet and full mobility were achieved
on average at 2.4, 2.3 and 2.8 days. Significant post-operative liver dysfunction was seen in two patients,
which returned to normal by discharge. One patient died of disease progression 4 months after surgery.
There were two involved margins in 35 patients (6%).
Conclusions: Laparoscopic hepatectomy is a developing and safe technique in a select group of
patients including those with malignancies, resulting in short hospital stays, rapid return to normal diet,
full mobility and minimal morbidity with acceptable oncological parameters. This study is not comparative
in nature, but provides evidence to support further investigation and establishment of this new technique
for liver resection.
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Introduction
Laparoscopy has fundamentally changed general and particularly
upper gastrointestinal surgery since its inception in the late
1980s.1 Gradually this approach has been applied to a wider range
of operations and now many complex procedures initially beyond
the skill of laparoscopists are being successfully completed.2–4
Liver resection is one area of recent development, and we report
here our initial experience in performing laparoscopic liver resec-
tions. In contrast to most series, the majority of our patients had
a resection for a malignant diagnosis. We describe our case mix
and operative procedures, as well as post-operative outcome data
including complications, return of function and length of stay and
pathological resection margin.
Methods
We retrospectively identified patients who had undergone laparo-
scopic liver resection by querying a prospective case load database
of one of the surgeons (V.U.), and by searching for medicare item
number coding for the other surgeon in the group (P.E.) at each of
the public and private hospitals in which these surgeons operate.
A datasheet outlining clinical details, operative approach and
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post-operative course was designed prospectively. Pre-operative
data including liver function tests, presence, absence and aetiology
of chronic liver disease and indication for surgery were recorded.
Intra-operative details such as extent of resection, method for
parenchymal transection, intra-operative blood loss and need for
transfusion, and whether the procedure was completed laparo-
scopically were recorded. Post-operative course including compli-
cations, peak international normalized ratio (INR) and bilirubin,
and length of stay, as well as return to full diet, full mobility and
cessation of parenteral analgesia was also extracted from these
patients’ medical histories. The data were collected and analysed
on Microsoft Excel™ for Macintosh.
Results
A total of 35 patients were operated on in three tertiary referral
centres in Melbourne between December 2005 and August 2008.
There were 17 males and 18 females, average age was 56.6 years,
(range 32–79 years). Indication for surgery was most commonly
colorectal carcinoma metastasis (19 cases, 54%). Three patients
had resections for primary liver carcinoma [all hepatocellular car-
cinoma (HCC)], two for neuroendocrine metastases, one for
metastatic rectal squamous cell carcinoma (SCC) and 10 resec-
tions for benign disease including five cases of focal nodular
hyperplasia (thought pre-operatively to be hepatic adenomata),
two haemangiomata (both thought pre-operatively to be colorec-
tal metastases), one resection for hydatid disease, one for a hepatic
cyst (also thought to be colorectal metastases), and one case of
hepatic adenoma (see Tables 1,2). Overall, 25/35 (71%) cases had
surgery for confirmed malignant diagnoses.
The most common operation performed was the left lateral
sectionectomy (20/35, 57%) but we also completed six right
hemiheptatectomies, six segmental and three wedge resections.
The harmonic scalpel (Harmonic ACE™; Ethicon Endosurgery,
Johnson & Johnson, Langhorne, PA, USA) was used in all cases
but three, and an average 4.8 stapler firings per patient were used
in 28 cases where this method was also used. The stapler was used
both for parenchymal transection and for control of vascular
pedicles. At most, 14 stapler firings were used in one right hemi-
hepatectomy (see Fig. 1 for frequency distribution of staple
firings). Staplers were not used for the three wedge resections,
three segmentectomies and one left lateral sectionectomy which
were all completed with the harmonic scalpel and diathermy
alone. All specimens were retrieved using an endoscopic pouch to
minimize wound contamination. The average operating time
(excluding right hemihepatectomies) was 2 h 4 min (range
30 min–4 h 10 min). The right hemihepatectomies took between
3 h and 7 h 15 min (average 4 h 39 min). Average time for all cases
was 2 h 31 min. The Pringle manoeuvre was not used in any of the
cases. Two cases required intra-operative blood transfusion, of
two units during a left lateral sectionectomy where the staple line
applied to the parenchyma was not haemostatic in a Child–Pugh
A cirrhotic (the operation was completed at open approach) and
one unit during a right hemihepatectomy. The open conversion
rate was 20% (7 cases), because of uncontrolled bleeding in three
cases (again from intolerable loss from the parenchymal surface
that had been divided with staplers), one right hemihepatectomy
was abandoned as access to the inferior vena cava (IVC) and
caudate branches was not safely obtainable, in one patient with
myasthenia gravis, pneumoperitoneum was not able to be sus-
tained and the procedure converted to open, one tumour margin
was encroached on laparoscopically and one fatty liver was unable
to be safely manipulated. There were no intraoperative deaths.
Post-operative liver dysfunction was seen to some degree after
all the right hemihepatectomies. INR peaked at 1.8 in two cases
Table 2 Resection by indication
Indication Resection Count
Metastatic CRC (colon) segmentectomy 5
wedge resection 1
left lateral 9
right hemihepatectomy 4
HCC segmentectomy 1
left lateral 2
FNH wedge resection 1
left lateral 4
Neuroendocrine metastases left lateral 1
right hemihepatectomy 1
Haemangioma wedge resection 1
left lateral & wedge caudate 1
Hydatid left lateral 1
Rectal SCC left lateral 1
Hepatic cyst left lateral 1
Hepatic adenoma right hemihepatectomy 1
CRC, colorectal cancer; HCC, hepatocellular carcinoma; FNH, focal
nodular hyperplasia; SCC, squamous cell carcinoma.
Table 1 Demographics, resection and length of stay
Resection Age (years)
median (range)
Gender
(% male)
Length of Stay, (days)
median (range)
Segmentectomy 63 (45–74) 100 4.5 (2–10)
Wedge resection 66 (34–70) 66 3 (1–7)
Left lateral sectionectomy 52.5 (32–79) 54 4 (2–8)
Right hemihepatectomy 60 (32–74) 33 11.5 (5–28)
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both at day 3, whereas in the other cases, INR only reached a
maximum of 1.4. Bilirubin peak was 125 micromol/l and
128 micromol/l at day 8 in the first and day 15 in the second case
in which INR reached 1.8. Both these values had normalized prior
to discharge. We only operated on one patient with pre-operative
chronic liver disease (Child–Pugh A, secondary to hepatitis C)
who had a left lateral sectionectomy for an HCC completed at an
open approach after bleeding from the staple line (requiring
transfusion as above). This patient’s post-operative course was
unremarkable without post-operative deterioration in his liver
impairment. One patient who had a right hemihepatectomy
developed a bile leak and subphrenic abscess on day 11, with an
associated sympathetic effusion without respiratory compromise.
Radiological drainage of the abscess, endoscopic retrograde cho-
langiopancreatography (ERCP) and a stent were performed with
subsequent good resolution of abscess and control of the bile leak.
Another patient also developed a subphrenic collection with
pleural effusion and pneumonia (but did not have a bile leak), this
also resolved with radiological drainage. There was one pulmo-
nary embolus after a left lateral sectionectomy for a haeman-
gioma. Two patients required respiratory support for 24 h after a
segmentectomy for an HCC and a segmentectomy for a colorectal
metastasis, secondary to co-morbid lung disease. One patient died
with metastatic progression 4 months post-operatively, (see
Table 3 complications).
Average length of stay was 4.6 days (range 1 to 10 days) exclud-
ing the right hemihepatectomies and 6.1 days overall (right hemi-
hepatectomies length of stay was on average 13.1 days, range 5 to
27 days), (Table 1). On average, patients had returned to a normal
diet on day 2.3, could mobilize fully without assistance on day 2.8,
and had ceased opiate use on day 2.4.
The pathological specimens removed ranged from 12 mm to
200 mm in diameter, with a range of weights from 34 g to 1142 g
(average 336 g). The average resection margin for malignant
disease was 19.6 mm (median: 15 mm, range: involved –
80 mm), with one margin involved following a left lateral
sectionectomy for a rectal SCC metastasis, and 1 margin
involved following a right hemihepatectomy that was converted
to the open approach as the dissection was felt to be impinging
on the margin at laparoscopy.
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Figure 1 Frequency distribution of stapler firings
Table 3 Complications following laparoscopic resection
Age Resection Indication Complication
47 Left lateral & wedge caudate haemangioma pulmonary embolus
52 Segmentectomy metastatic CRC required respiratory support
74 Segmentectomy HCC required respiratory support
74 Right hemihepatectomy metastatic rectal ca liver dysfunction (INR 1.8, bili 128)
54 Right hemihepatectomy metastatic CRC bile leak, liver dysfunction (INR 1.8, bili 125), subphrenic collection,
pleural effusion, required ERCP
61 Right hemihepatectomy metastatic CRC subphrenic collection, pleural effusion, pneumonia
CRC, colorectal cancer; HCC, hepatocellular carcinoma.
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Discussion
Laparoscopic liver resection has certainly been shown to be safe
for benign conditions.5,6 Our series shows the laparoscopic
approach can be applied to liver resections for malignant condi-
tions, as it is a safe and effective procedure with acceptable
pathological resection margins. Only six patients suffered 12 com-
plications from our group of 35 (two patients suffered five and
three complications, respectively, after right hemihepatectomies),
this morbidity compares favourably with the open approach.7–11
Importantly, this group did not only represent patients with
benign liver lesions in whom the indication for surgery was argu-
able. Criticism of the laparoscopic approach has often cited inap-
propriate liver resection in cases where open surgery would not
otherwise be offered.12 There are certainly a number of series of
resections for benign conditions,13–16 but this is one of the first
reports in the literature of cases performed for primarily malig-
nant conditions. In our series 71% of patients had a malignant
diagnosis. Our margin was an average 19.6 mm (median 15 mm),
with only two margins involved. One patient had a margin less
than 5 mm, and four further patients had a margin of less than
10 mm, all other patients had a margin of 10 mm or more. In
addition, margins are artificially lowered when the stapler is used
as tissue is destroyed at the transection line.17 The laparoscopic
approach does not compromise resection margins and achieves an
adequate oncologic resection.
Patients recover rapidly from laparoscopic surgery.18 Our
patients had ceased parenteral analgesia and returned to a full diet
by about day 2, and full mobility by day 3.
Ours, and most series report primarily on left lateral section-
ectomies, and this operation among all the liver resections is that
most suitable for laparoscopic surgery.19,20 While right hemihepa-
tectomy can also be performed laparoscopically, this is a much
more technically demanding exercise,12,21 and our experience is
limited at this stage. Certainly left lateral sectionectomy can be
performed in an acceptable time period (average just over 2 h),
and with acceptable disposable usage (75% of cases used four
staplers or fewer) so as not to invalidate it as an expensive and
time consuming waste of resources in the public sector despite
earlier concerns about cost.22 A full cost analysis should, however,
be undertaken, considering increased costs of disposables as well
as reduced post-operative stay, in combination with return to
work data. This is however beyond the scope of this report. This
procedure has been shown in this and other series to be safe and
well tolerated by patients, with acceptable oncologic parameters
and applicable in most indications for liver resection.10,11,19,23 We
only have one patient in our series with cirrhosis, and in that
patient the stapler appeared to be less haemostatic necessitating
conversion to the open approach. Laparoscopic hepatectomy has
been successfully completed in patients with underlying liver dis-
ease24 but with some reports of high complication rates.25,26 It
may be a good option if transplantation is considered an even-
tual option for patients with cirrhosis and HCCs.27,28 There are
other reports that this approach may be superior to open surgery
for cirrhotics, especially with respect to blood loss (from the
effect of the hydrostatic pressure of the pneumoperitoneum
against the transected parenchymal surface), and with less dete-
rioration in ascites from less disruption of lymphatics in the
abdominal wall.29
Short-term data on 2- and 5-year survival for laparoscopic
hepatectomies has been reported.7,8,30 It appears survival and
outcome is equivalent to the open approach.8 Our data here does
not include follow up, but does demonstrate that oncologically the
resection achieves adequate margins and that patients experience
similar morbidity [if not less31] than the open approach. Consid-
eration should be given to the laparoscopic approach to resection
for malignant disease, particularly if in a technically easily acces-
sible location.32 Specific issues related to laparoscopy such as port
sites metastases and intraabdominal dissemination of tumour
have not been widely proven in the literature.11 Advances in device
technology such as improvements in endostaplers also promises
increased safety in the future,17 and the harmonic scalpel is also an
invaluable aid.33
Conclusion
Laparoscopic liver surgery is a viable approach to resection of
most pathologies that affect the liver, and we have shown here it
can be safely and acceptably performed for malignant diagnoses
too. It is particularly suited to resection of the left lateral section,20
and can be done in a timely manner with minimal morbidity and
good patient outcomes with early discharge and rapid return to a
normal diet and mobility. It remains a procedure that should only
be carried out by highly trained specialist hepatobiliary surgeons
with appropriate laparoscopic training.34
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